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Description 



5 Of an alkane (C-C,) cLn War agen, ' """'"'"^ P^""'=« 

disuibution. Without use of a chain frLfL aS^^ h ^^'S'^' ^"'^ '^"'^^"'^^ "eight 

•cooH an. -cp^cp. On ^szt":;:^^'::.^^:^^^^ " ztz:t r- 

decompose or rearrange with release of gases such as CO, andMr hp t- *° 
molded copolymer parts and, in addrtion. the HP is ht^y coSs-Ve '^"'^ 

« and^ts "MotLTa^^r;:;rm°irn:,t'^ ^^^''t' '^-^^ '^^^^'^-^ — ■ 

know how much methanoMo add to hTpJ^o TlZ T""""- " »'-«^ 

methanol acts to solubilize trans°e7w^i anHp T^^^^^ 

po,ymerlza«cne,.pmen,.Moreovr.h:r:.hrc,S: -c'H,r::;-g:^^^ T^^^'^ °' 

themselves subject to attack bv oxvoen at «wrnc!«.. * ^ copolymer which are 

« the -CHaOH end groups to '03^^00' e^X^ °' 
It has now been found that use of a C^ in uiu^n^ *w 
overcomes many of the probLs Jso^iSLh JS, ^eZn^ the cha.n transfer agent in place of methanol 
^d molecular weight distLto c<S^ weight 

« For "ri:. ai'i"nL«^^^^ KnT^^;- ^-"^ '° ^ave several advantages, 

alkanes can be more readily anaZd when mL.^wi* """"''""'^ »^"use 

which are more »^ermal.y stL" h'^-CH^OH^^ 0^^^^^^^^^ P-''"" "^H, end groups, 

water and HP in the solvent. Pinally, the C, aLes aid !n or J " ' '"^^ ^'""'"'^ ^' 

weight distribution index which is des rable in ^iT^ 'n producing polymers of narrow molecular 

30 variety of other hydrocarbon chr^agents " " ""'^"^ ^^^^^^^ ^ 

whichCTe;S;;:;it:;^i^^^^^^ melt.processlb,e tetrafluoroethylsne copolymer 

the fom,.la R.o:CF = CF ^kZ -i'l"! ^ Perfluoro,alky, v.r,y. ether, 

comonomer of 

selected f'om pertluorinated rventrand^htroS ,w f'*^" ^ ''^"'"^ 

;^st one lluorlne atom attach^retrat^rm^rro^ blTen '^cZ:^^''^ ^""^ 
between 0.1 and 6.9 MPs gauoe (IS and lOno r,<iM in ,h "^"^^s" C and 75 C and a pressure of 
presence of a chain transfer agen wrefe n me Sn^ T""""" °' ' P-''^^^"^^''-'" '™tiator and in the 
resulting polymer can then be m'eH sha^^:^^^^^^^ P'opane. The 

tion being carried out in an oroanir lin^^H T^h *u ' ^' '^'^^ describes such polymeriza- 

4S chlorolluoroalkanes and some chlorofZro^vd?n««^^^ commercially available 

carbon atoms in which eaTcatrS ir'lSS r^Csror ."ot" C^Td ' ' 

kanes may also contain a maximum of one hvrirnn«n :.fr,^ . !, c^^'oro'luoroal- 
in the difluoromethyl grouping (-CF^Hriulble soivTl Z T "'""^ ' '^''"S^" present only 
Examples of prefeL' sonants are as ST cST carTrr, tT'"''''"' 

«. CC.P,CC,P. These compounds are sL £ .S.e n^m^s 

On orV'^""" --t Prefer^ c solventTs "pr^'n-Tr 

C.o:Ll'Zir°'^"'''' '"'^'''^''^ ^ ^ tetra,ir:;Ur«Zuce a 
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the initiators must give radicals which will result in stable end groups on the polymer chain. Fluorocarbon 
acyl peroxides are suitable initiators. Fluorocarbon acyl peroxides which are suitable for use in the process 
are represented by the formula 




70 

where X = H. CI or F and n = 1-10. The preferred initiator is bi£(p©rfluoropropicnyl) peroxide. A low 
temperature initiator must be used because the temperature of the polymerization system should not go 
over 75 *C. Above 75* C. the rearrangement of the perfluovinyl ether occurs so much more rapidly that a 
greater number of chains are terminated in acid fluoride end groups than is normally desirable. 

75 Carboxylic acid end groups in the polymer are termed "unstable end groups" because they decompose 
readily during fabrication of the polymer, giving rise to bubbles in the finished product. Other end groups 
such as vinyl and acid fluoride end groups are also included in the category of unstable end groups 
because they are readily converted to carboxylic acid end groups. 

The existence and quantity of these end groups can be determined by the infrared spectrum generally 

20 obtained on compression molded films of about 0^5 mm (10 mils) thickness. 

The term "specific melt viscosity" as used herein means the apparent melt viscosity as measured at 
372* C under a shear stress of 6.5 pounds per square inch (46 kPa). Specific melt viscosity is determined 
by using a melt indexer of the type described in ASTM D-1238-52-T, modified for corrosion resistance by 
efT»ploying a cylinder, orifice, and a piston made of Stellite cobalt-chromium-tungsten alloy. The resin is 

25 charged to the 0.375 inch (.95 cm) I.D. cylinder which is held at 372* C s 0.5* C, allowed to come to. an 
equilibrium temperature during 5 minutes, and extruded through the 0.0825 inch (2 mm) diameter. 0.315 
inch (8 mm) long orifice under a piston loading of 5000 grams. The specific melt viscosity in 0.1 Pas 
(poises) is calculated as 53,150 divided by the observed extrusion rate in grams per minute. 

The specific melt viscosity of the copolymers will be below 1 x 10" Pas (1 x 10' poise) at 372 *C to 

30 insure the melt-processible character of the product. The resulting copolymers are non-elastomeric and are 
useful as films, fibers and tubes for example. 

As the examples will show, the melt viscosity and the molecular weight distribution Index of the 
copolymers produced are very close to those of the same copolymer produced using methanol as chain 
transfer agent, thus showing that the Ci-Ca alkanes are just as effective in terms of these criteria. 

36 Moreover there were no unstable -CH2OH end groups in the polymer so made and only the expected 
number of -COF end groups (or COOH groups resulting from hydrolysis of -COF groups) from comonomer 
rearrangement were present Most importantly, there was no change during extrusion of the number of 
-COF end groups preserrt, which means that little, It any. HF was produced. 

Molecular Weight Distribution Index (MWDI) is defined as MVio/MVs. MVs Is the apparent melt 

40 viscosity in a high temperature melt viscometer, such as that made by F. F. Slocomb Co.. Wilmington, DE. 
MVs is based on melt flow rate using 5000 g total mass while urging the melt through the orifice. The 
sample is kept in the viscometer at 372* C for 5 minutes before the flow is measured. 

MVto is. measured after MVs, and is the melt flow rate using 833 g total mass, starting the 
measurement 10 minutes after the sample entered the viscometer. 

45 The PPVE content of a copolymer is measured using infrared spectrometry on a compression molded 
film using absorbance at 993 cm~^ as a measure of PPVE content and absorbance at 2353 cm"^ as a 
measure of sample thickness. The ratio AsssiAsass is related to PPVE content of the polymer by means of 
a calibration curve using known copolymers. F19 NMR is used as the primary standard for calibrating the 
reference films. 

50 

EXAMPLES 



Comparison Experiment 1 

Experiment Using Methanol as Chain Transfer Agent 

Into an evacuated, one liter, stainless steel, agitated pressure vessel were charged 830 ml of 
1,2.2,trichIoro-1,1,2-trifluoroethane ("Freon" 113). 30.6 grams pertluoropropyl-periluorovinyl ether (PPVE), 
and 0.38 g methanol. The mixture was heated to 60* C and tetrafluoroethylene (TFE) was charged into the 
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ss Claims 



1. A p.ocess for making a mell-processible tetranuoroethylene copolymer *ith comprises polymeriana 
tetrafluoroethylene with at least one perlluoroOlkyl vinyl ether) comonomer ot the formula R,0-CF=CFj 
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wherein Rf is perfluoroalkyi of 1-6 carbon atoms, in a liquid organic solvent selected from perfluorinated 
solvents and chlorofluoroalkane solvents in which each carbon atom has at least one fluorine atom 
attached thereto, at a temperature of between 30* C and 75* C and at a pressure of between 0.1 and 
6.9 MPa gauge (15 and 1000 psig) in the presence of a polymerization initiator and In the presence of a 
5 chain transfer agent, characterized in that the chain transfer agent is methane, ethane or propane. 

2. A process according to Claim 1 wherein the liquid organic solvent is at least one of CCI2F2, CCIsF, 
CCIF2H, CCI2FCCI2F. CCI2FCCIF2 and CCIF2CCIF2, and the chain transfer agent Is ethane. 

10 3. A process according to Claim 1 or 2 wherein the comonomer is perfluoro(propy! vinyl ether). 

4. A process according to Claim 3 wherein the solvent is CCI2FCCIF2 

5. A process accordir^ to any one of the preceding claims which comprises the additional step of melt- 
IS shaping the resulting copolymer. 

Revendlcations 

1. Un proc^d^ pour fabriquer un copolym^re de t^trafluor^thylfene fagonnable a I'^tat fondu. qui consiste 
20 ^ polyrT>4riser du t^trafluor^thylene avec au moins un comonomere qui est un perliuoro^ether d'alkyle 
et de vinyie) de la formule RtO*CF = CF2 ou Rr est un groupe perfiuoroalkyle de 1 ^ 6 atomes de 
cartxine, dans un solvent organique liquide choisi parmi les solvents perfluores et les solvents du type 
chlorofluoroalcane dans lesquels au moins un atome de fluor est flx§ & cheque atome de carbone, h 
une temperature comprise entre 30* 0 et 75' C et sous une pression comprise entre 0,1 et 6,9 MPa au 
2$ manom^tre (15 et lOOO psig), en presence d'un initiateur de polymerisation et en presence d'un agent 
de transfert de chatne, caracteris^ en ce que I'agent de transfert de chaane est le methane. I'^thane ou 
le propane. 

Z Un proc^d^ seion la revendication 1. dans lequel le solvant organique liquide est I'un au moins de 
30 CCI2F2. CCI3F. CCiF2H. CCbFCCbF, CCI2FCCIF2 et CCIF2CCIF2. et I'agent de transfert de chaTne est 
rdthane. 

3. Un precede seton la revendication 1 ou 2, dans lequel le comonom e est le perfluoro(ether de propyle 
et de vinyie). 

35 

4. Un precede selon la revendication 3. dans lequel te solvant est CCI2FCCIF2. 

5. Un proc^d^ selon Tune queiconque des revendlcations pr^cedentes, qui comprend rdtape supplemen- 
taire de fa^onnage a Tetat fondu du copolymere resultant 

40 

Patentansprtiche 

1. Verfahren zur Herstellung eines schmelzverarbeitbaren Tetraftuorethylencopoiymeren. t>ei dem Tetra- 
fluorethylen mit mindestens einem Perfluor(alkylvinylether)-Comonomeren der Formel R,0-CF = CF2, 

45 worin R| PerfluoralkyI von 1-6 Kohlenstoffatomen ist in einem flussigen organischen Losungsmittel, 
ausgewahtt aus perfluorierten losungsmitteln und chlorfluoralkanlosungsmittein, in denen jedes Kohlen- 
stoffatom mindestens ein daran gebundenes Fluoratom hat, bei einer Temperatur zwischen 30 *C und 
75 'C und einem Druck zwischen 0.1 und 6.9 MPa Manometerdruck (15 und 1000 psig) in Gegenwart 
eines Polymerisationsinitiators und in Gegenwart eines Kettenubertragungsmittels polymerlslert wird. 

50 dadurch gekennzeichnet, dass das Kettenubertragungsmittel Methan, Ethan Oder Propan ist. 

2. Verfahren nach Anspruch 1, worin das flussige organische Losungsmittel mindestens eines vor CCI2F2. 
CCbF. CCIF2H, CCI2FCCI2F. CCI2FCCIF2 und CCIF2CCIF2 und das Kettenubertragungsmittel Ethan ist. 

55 3. Verfahren nach Anspruch 1 oder 2. bei dem das Comonomere Perfluor(propylvlnylether) ist. 

4. Verfahfon nach Anspruch 3, worin das Losungsmittel CCI2FCCIF2 ist- 
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